Several CT features of hepatic abscesses have been reported (1 4). Some hepatic abscesses occasionally mimic other hepatic tumors on CT, and some malignant hepatic tumors such as metastases, cholangiocarcinoma (CC), and leiomyosarcoma, may also mimic hepatic abscesses (5 12). Since the treatment strategy differs based on the possibility of malignancy, differentiation of hypovascular liver tumors such as CC or metastasis from hepatic abscesses on CT is important. A variety of radiologic procedures have been used to evaluate focal Purpose: To determine which CT findings are useful for differentiating cholangiocarcinomas (CC) from hepatic abscesses and also to determine whether artificial neural networks (ANNs) improve radiologists' performance. Materials and Methods: CT findings of 51 patients with mass-forming type CC and 70 patients with hepatic abscesses were analyzed with morphologic, enhancing and other ancillary findings by three radiologists with differing levels of expertise independently. ANNs were constructed using statistically significant CT findings derived from the analyses. The performances of the ANNs and the radiologists were evaluated using receiver operating characteristic analysis. Results: CT findings of rim-like enhancement, lymphadenopathy, capsular retraction, focal bile duct dilatation and a solid component were significant features of CC (p< 0.05). Findings of a clustered sign, multilayered enhancement, sharp margin, round shape, and air-biliary gram were significant features of hepatic abscesses. The ANNs showed better performance (AZ=0.9673, 98.0%, 97.1%, and 97.5%, respectively) than the resident (AZ=0.898, 78.4%, 81.4%, 80.2%) (p<0.05) in differentiating between the two diseases: (AZ, sensitivities, specificities, and overall accuracies). However, there were no significant differences in the diagnostic performance of the ANNs and the two board-certified radiologists. Conclusion: Several CT findings are useful in differentiating CC from hepatic abscesses and ANNs may improve the performance of a radiologist with little experience.
liver lesions, with CT currently considered one of the most important noninvasive diagnostic techniques for characterizing focal liver lesions (7, 8) . Although CT findings of these two diseases have been published in several articles (1 4, 13 15) , differentiating CC from hepatic abscesses, even using sonography, enhanced CT or MRI, remains a difficult task for radiologists because there is an overlapping spectrum of radiographic appearances and clinical parameters between the two diseases (10, 11, 16, 17) . However, to our knowledge, there are no reports investigating the usefulness of helical CT for differentiating CC from hepatic abscesses in a large patient population.
In recent years artificial neural networks (ANNs) have been studied intensively computer scientists and have been shown to be a powerful tool for a variety of dataclassification and pattern-recognition tasks. However, the usefulness of ANNs in diagnostic radiology has focused mainly on chest and breast lesions and in the diagnosis of pulmonary nodules, interstitial lung disease, pediatric lung lesions, and breast nodules (18 23) .
The purpose of this study is to determine which CT findings are useful for differentiating CC from hepatic abscesses and to compare the performance of ANNs applied to CT images with the performance of radiologists with differing levels of expertise in differentiating between the two diseases using receiver operating characteristic (ROC) analysis.
Materials and Methods

Patient Population
In order to find patients diagnosed with hepatic abscesses and mass-forming type CC, a computerized search of the electronic medical records including radiologic, surgical, and pathologic reports from January 1998 to March 2003 at the Seoul National University Hospital, was performed. Due to the retrospective nature of the study and because the institution's patients sign a general consent form to cover all diagnostic studies, neither institutional review board approval nor informed consent was necessary.
The computerized search of the electronic medical records revealed 380 patients diagnosed with hepatic abscesses. Two abdominal radiologists, who did not participate in the image interpretation, reviewed the available CT scans for these patients and selected patients for subsequent analysis. Of these patients, 310 were excluded from analysis for the following reasons: (a) no contrast-enhanced helical CT scan was available (n=75); (b) the presence of associated malignancy (n=125) such as hepatocellular carcinoma (n=32), gastric cancer (n=20), previous klatskin tumor (n=17), colorectal cancer (n=13), pancreatic cancer (n=10), other malignancies (n=17), and unknown origins (n=16); and (c) no histologic confirmation of hepatic abscesses or insufficient imaging follow-up (n=110). The remaining 70 patients (48 male, 22 female; mean age 58.2 years; range 29-91 years) with hepatic abscesses were included in this study. Pyogenic abscesses were confirmed by positive cultures from percutaneous aspirates in 31 patients. Five of these 31 patients had monomicrobial abscesses and 26 patients had polymicrobial abscesses. In the remaining 39 patients that showed no growth of the abscess contents, a diagnosis of hepatic abscess was based on symptoms including fever and abdominal pain, laboratory results such as leukocytosis, and the CT imaging findings. All of these 39 patients responded to percutaneous drainage and/or antimicrobial therapy, and subsequent CT scanning revealed improvement of their hepatic abscesses.
The computerized search of the electronic medical records revealed 175 patients diagnosed with intrahepatic CC. Of these patients, 124 were excluded from analysis for the following reasons: (a) no contrast-enhanced helical CT scan was available (n=107); (b) other types of CC were present (n=12; periductal infiltration in nine patients and intraductal-growing in three); and (c) hyperattenuating mass (n=5) on CT scans. The remaining 51 patients (37 male, 14 female; mean age 55.4 years; range 40 80 years) with the mass-forming type CC were included in the study. CC was confirmed by percutaneous ultrasound-guided needle biopsy in 40 cases and by surgery in 11 patients.
CT Acquisition
The CT examinations were performed on four different scanners (Somatom Plus S and Somatom Plus 4; Siemens Medical Systems, Erlangen, Germany; HiSpeed Advantage CT scanner; General Electric Medical Systems, Milwaukee, WI; MX 8000; and Marconi Medical Systems, Highland Heights, OH). Due to the retrospective nature of the study several different CT techniques were used. In general, examinations were performed using a spiral technique with 5 10 mm collimation and 5 10 mm reconstruction intervals. The X-ray tube voltage was 120 140 kV, and the current varied between 150 and 200 mA. During this period (January 1998 to March 2003), the standard protocol for dynamic CT consisted of a total volume of 120 150 mL of nonionic intravenous contrast material (300 370 mg of iodine per mL) administered by power injection at a rate of 2 3 mL/sec, with a scanning delay of 30 seconds for the hepatic arterial phase (HAP) and of 65 seconds for the portal venous phase (PVP). Of the 121 patients analyzed, 101 (56 with hepatic abscesses and 45 with CC) underwent dual-phase (HAP and PVP) CT and the remaining 20 (14 with hepatic abscesses and six with CC) underwent single-phase (PVP) CT.
Radiologists CT Interpretation
Each of the 121 CT image sets were analyzed retrospectively and independently by three radiologists (one faculty-level abdominal radiologist with 20 years experience, one abdominal imaging fellow with 8 years experience, and one senior resident with 3 years experience) who were unaware of the final diagnosis and of any clinical or laboratory findings. When a patient had multiple lesions, only the largest lesion was analyzed.
Based on previous reports on hepatic abscesses and CC (1 4, 7, 8, 13 15) , several imaging features suggestive of hepatic abscesses and CC were chosen by the study coordinators. The three radiologists were given a short summary of what had been reported as "typical findings" of hepatic abscesses and CC, including morphologic features and enhancing characteristics of the lesions and other findings such as lymphadenopathy and metastases (Table 1 ). The three radiologists independently reviewed all 121 CT scans at a picture archiving and communications system (PACS) workstation (Marotech, Seoul, Korea) without knowledge of the tissue diagnosis or clinical course. During the analysis of the CT images, cases of CC and hepatic abscesses were presented randomly. The readers were asked to grade their degree of confidence for the presence of various CT findings believed to be indicative of the two diseases and for each diagnosis. During the review, the radiologists were allowed to adjust the window width and length to interpret the CT images. In the CT interpretation, the portal venous phase (PVP) was used as the core image set because the lesions are seen the best during PVP. The degree of confidence for each diagnosis was graded as follows: 1, definitely benign (abscess); 2, probably benign; 3, possibly malignant; 4, probably malignant; and 5, definitely malignant. The degree of confidence for the presence of each of the CT findings indicating hepatic abscesses or CC was graded as follows: 1, definitely absent; 2, probably absent; 3, possibly present; 4, probably present; and 5, definitely present.
The CT findings were analyzed according to two categories; the lesion itself and the associated findings. The lesion was evaluated for margin (sharp vs ill-defined), configuration (unilocular vs clustered), shape (lobulated vs round), the presence of a solid component and internal air-density, and the pattern of enhancement (rimlike vs multilayered). Associated findings included stones in the IHD or CBD, the presence of capsular retraction, lymphadenopathy (short-axis diameter of lymph nodes more than 1 cm or the presence of central necrosis), focal biliary dilatation distal to the lesion, airbiliary gram, transient hepatic attenuation difference (THAD), ascites, pleural effusion, atelectasis of the lower lung, and extrahepatic metastasis.
Extraction of Significant Imaging Features
A biostatistician participated in the study design and review of the data. Statistical differences of the CT findings between abscesses and CC were analyzed using Fisher's exact test and the Chi-square test. The odds ratio (OR) for each CT feature used to characterize the lesion into an abscess or CC, was also obtained. The magnitude of the relevance of statistically significant CT predictors of abscesses or CC was ranked according to their P values and ORs. We used binary collapse of the rated responses for statistical analysis. Specifically, lesions that were graded with scores of 1 and 2 were classified as an abscess, and scores of 3, 4, and 5 were classified as CC. Each CT finding that was graded with a score of 1 or 2, was classified as absent, whereas, scores of 3, 4, and 5 were as classified as having that CT finding.
Artificial Neural Networks
A brief search of possible ANN designs provided in-345 sight into the type of design that would work for this application. Several designs were attempted and rated for their ability to generalize, once trained. In the present study, fully connected, three-layer ANNs with a back propagation algorithm were used. The ANNs consisted of one input layer, one hidden layer and one output layer. Statistically significant CT features derived from the Chi-square or Fisher's exact test were used as input variables for the input layer. The hidden layer consisted of 15 neurons connected to the input layer. A nonlinear, sigmoid function was used as a transfer function for each of the neurons in the hidden layer and the output layer of the networks. The nonlinear function is expressed by:
neuron i and xiwi is the net input to the neuron, which was derived by multiplying the weight (w) by the input value (x) of the unit. During the training process, the connection weights between the neurons were adjusted using the back propagation updating algorithm (23) . The hidden layer was connected to the output layer of a single neuron which indicated whether the CT findings were classified as benign (abscess) or malignant (CC). The training and testing of the ANNs were performed by means of a leave-one-out method. With this method, all of the cases in the database except for one were used for training; the case that was not used was used in the testing of the trained ANNs. We used a fourfold crossvalidation procedure for the training procedure. Each of the four different networks was trained until the error in the training set reached the stopping criterion. This procedure was repeated until every case in the database was used once for testing. The test results of the four different networks were combined to calculate ANNs' performance in terms of determining the malignancy of the lesion. The output values for the test were between 0 and 1, which is used to represent the likelihood of malignancy. A threshold value of 0.5 was used, above which all values were regarded to be malignant.
ROC Analysis
The individual performances of the three radiologists and of the ANNs were evaluated by ROC analysis; areas were calculated using a nonparametric method (24, 25) . Binormal ROC curves were estimated using the MedCalc software, version 7.1 (MedCalc Software, Mariakerke, Belgium) which was used to obtain maximum-likelihood estimates of binormal ROC curves from the continuous ordinal-scale rating data. The AZ was calculated to summarize the performance of each radiologist and the ANNs in the task of classifying hepatic abscesses and CC. The univariate z-score test was used to assess the significance of differences in the area (AZ) under the two estimated binormal ROC curves. In addition, sensitivity and specificity were calculated using only those patients deemed to have CC by each radiologist and those with ANNs output levels of 0.5 or greater. Sensitivity and specificity were presented with 95% confidence intervals (CI).
Statistical Analysis
Statistical differences of the CT findings between abscesses and CC were analyzed using Fisher's exact test and the Chi-square test. Interobserver agreements among the three radiologists for each CT finding and the final radiologic diagnosis were evaluated using the Cronbach coefficient , where an value of greater than 0.8 was considered to represent excellent agreement and values of 0.70 0.80 represented good agreement. Values of less than 0.70 were considered to represent poor agreement (25, 26) . Statistical analyses were performed using SPSS software, version 11.0 for Windows (SPSS Inc., Chicago, Ill). A probability value of less than 0.05 was considered to indicate statistical significance. To compare the performance of each radiologist and the ANNs, the sensitivity and specificity of the ANNs and each reviewer were compared using the McNemar test, which is a nonparametric test for two related dichotomous variables.
Results
Interobserver agreements among the three radiologists in recognizing the CT findings are presented in Table 2 . With respect to the presence of air density within the lesion, the three radiologists were in complete agreement ( 1.00). In terms of most of the CT features analyzed, almost perfect (for clustered appearance and multilayered enhancement of the lesion, capsular retraction, focal biliary dilatation distal to the lesion, airbiliary gram, lymphadenopathy, THAD, atelectasis of the lower lungs, and pleural effusion) or substantial agreement (rim-like enhancement of the lesion, solid component within the lesion, sharp margin, and configuration of the lesion) was achieved. For specific diagnosis, interobserver agreement among the three radiologists was almost perfect ( 0.907). In addition, interobserver agreement of each combination of two radiolo- Tables 3 and 4 , respectively. The presence of air density with the lesion, of which OR could not be calculated, was significantly associated with hepatic abscesses (p=0.002). In addition, hepatic abscesses were significantly associated with the presence of the following CT features: clustered appearance of the lesion; a sharp margin; multilayered enhancement; air-biliary gram; configuration; atelectasis; pleural effusion; and THAD (Figs. 1 & 2) . The largest OR was observed in the cluster sign (OR=55.56) which indicates that the predicted risk associated with the presence of 347 Fig. 1 . 41-year-old man with a hepatic abscess. Axial contrast-enhanced CT scan shows a hypoattenuating mass with a multi-layered enhancing wall (black arrows) in the right lobe of the liver. Note diffuse hepatic parenchymal enhancement with a straight border (arrow heads). Fig. 2 . 59-year-old woman with a hepatic abscess with cluster sign. Axial contrast-enhanced CT scan shows a multi-septated hypoattenuating lesion with cluster sign (arrow heads) and multilayered wall enhancement. Note the intrahepatic ductal dilatation (black arrow) and the air biliary gram in segment 5 (white arrow). the cluster sign on CT was 55.56 times higher for patients with hepatic abscesses than those with CC. The CT features of peripheral rim-like enhancement, lymphadenopathy, capsular retraction, focal biliary dilatation distal to the lesion, and a solid component within the lesion were significant for diagnosing CC (Figs. 3  & 4) . The largest OR was observed in the rim-like enhancement of the lesion (OR = 49.78) (Fig. 3) . Tables 5 and 6 list the diagnostic performances of radiologists and the ANNs in terms of AZ, sensitivity and specificity in diagnosing CC. The performance of the ANNs (0.966, 95% CI: 0.916, 0.990), the faculty level radiologist (0.947, 95% CI: 0.891, 0.979), and the radiologic fellow (0.946, 95% CI: 0.889, 0.978) were significantly better in terms of AZ than that of the resident (0.873, 95% CI: 0.800, 0.926) based on the outcome of the zscore test (p<0.049). However, the performance between the ANNs, faculty, and fellow were not significantly different (p>0.05). For diagnosing CC at a rating of 3 or larger, the sensitivities of the faculty (48/51, 94.1%; 95% CI: 0.835, 0.986), fellow (48/51, 94.1%; 95% CI: 0.835, 0.986), and the ANNs (49/51, 96.1%; 95% CI: 0.865, 0.995) were significantly better than that of the resident (40/51, 78.4%; 95% CI: 0.652, 0.877) (p<0.05). However, the differences in sensitivity between the two radiologists (faculty and fellow) and the ANNs were not statistically significant according to the results of the McNemar test (p>0.05). For diagnosing an abscess at a rating of 1 or 2, the sensitivity was the same as the specificity for diagnosing the CC of ANNs (68/70, 97.1%; 95% CI: 0.901, 0.997) and was statistically better than that of the resident (57/70, 81.4%; 95% CI: 0.706, 0.890) (p= 0.005) (Table 6 ). However, the specificities from the 348 Fig. 3 . 57-year-old man with cholangiocarcinoma. Axial contrast-enhanced CT scan shows an irregular mass with rim-like enhancement (black arrows) and capsular retraction (arrow head). 
Discussion
Differentiating between hepatic abscesses and massforming type intrahepatic CC on CT remains a difficult problem because a considerable overlap between their clinical presentations and radiologic appearance may exist (9 11, 17, 27) . Despite that, there have been many reports on CT findings of hepatic abscesses (1 4) and CC (13 15) , with CC often being misinterpreted as a hepatic abscess and mistreated with percutaneous drainage which can cause tract seeding or peritoneal spillage of the tumor (28) . Many previous studies have described simple observations of the CT findings for each disease, but no study has attempted to provide differential points by dedicated statistical analysis or to develop diagnostic algorithms to differentiate them. Recently, several publications have focused on the application of ANNs for lesion classification in the field of radiology (29 31) . In this study, we attempted to construct ANNs to differentiate hepatic abscesses from CC on CT and to determine whether ANNs are able to improve radiologists' performance in differentiating between the two diseases. The ANNs constructed for this study using significant CT findings derived from univariate analysis as multiple input variables showed a high performance in differentiating between hepatic abscesses and CC. The AZ value, sensitivity and specificity of the ANNs were significantly greater than those of the resident and marginally better than those of the other radiologists. However, there were no statistically significant differences between the ANNs and the two radiologists. Considering the excellent agreement for each CT finding among the three radiologists, the low performance of the resident is perhaps explained by the fact that a resident may not be able to effectively organize all of the CT features systematically. On the other hand, ANNs consistently and comprehensively respond to all data that has been input. In addition, it was expected that the experienced radiologists were aware of the relative importance of the significant CT findings based on their experience in dealing with various CT findings, which was used to help differentiate between the two diseases. Therefore, we are not surprised at the excellent performance shown by the ANNs and the abdominal radiologists in differentiating between the two diseases. We believe that the inclusion of a fellow and a resident as reviewers makes our results and conclusions more applicable for individuals with varying levels of experience.
In this study, hepatic abscesses were characterized by lesions having inner air-density, cluster sign, multilayered enhancement, sharp margin, and a lobulated configuration. In addition, hepatic abscesses were also more frequently associated with air-biliary gram, atelectasis of the lower lungs, pleural effusion, and transient hepatic attenuation difference (THAD). On the other hand, lesions showing peripheral rim-like enhancement, capsular retraction, focal bile duct dilatation distal to the lesion, a solid component or which had lymph node enlargement, were more frequently associated with patients with a mass-forming type CC. The results of this study are consistent with those of previous reports (1 4,13 16) .
In this study, ancillary findings as well as morphologic or enhancing features of the lesion were helpful in differentiating between the two diseases. The presence of an air-biliary gram is one of the factors found to be a significant predictor for hepatic abscesses. Among the four main routes for hepatic abscesses, i.e. ascending, portal, hematogenous, and iatrogenic, ascending infections were the most common cause of hepatic abscesses. From this point of view, the result of the air-biliary gram which suggests free communication between the bile duct and the enteric system was a significant CT finding for hepatic abscesses. We can also assume that reactive changes such as atelectasis of the lower lungs, pleural effusion or THAD associated with hyperemic changes could be observed more frequently in benign inflammatory lesions, and our results support this premise.
In conclusion, specific CT findings including multilayered, clustered or rim-like enhancement patterns can be helpful in diagnosing hepatic abscesses and mass-forming type CC. In addition, ANNs may potentially improve a radiologist's performance and assist in differentiating CC from hepatic abscesses, especially in the trainees with little experience in interpreting CT images.
